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This standard is a specification of an 8 and 16 bit personal 
computer backplane bus. It is based on the PC and AT buses 
originally developed by IBM and widely used throughout the 
personal computer industry. There are 88 active signals and 10 
power and ground lines contained in two PCB edge 
connectors (62 and 36 pins). Two form factors are specified, 
3.9 inches x 13 inches with one connector for 8 hit adapters 
and 4.5 inches x 13 inches with two connectors for 16 bit 
adapters. 
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IEEE Standards documents are developed within the Technical Committees of the 
IEEE Societies and the Standards Coordinating Committees of the IEEE Standards 
Board. Members of the committees serve voluntarily and without compensation. 
The are not necessarily members of the Institute. The standards developed within 
the IEEE represent a consensus of the broad expertise on the subject within the 
Institute as well as those activities outside the IEEE which have expressed an interest 
in participating in the development of the standard. 


Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard 
docs not imply that there are no other ways to produce, test, measure, purchase, 
market or provide other goods or services related to the scope of the IEEE Standard. 
Furthermore, the viewpoint expressed at the time a standard is approved and issued 
is subject to change brought about through developments in the state of the art and 
comments received from users of the standard. Every IEEE Standard is subjected to 
review at least once every five years for revision or reaffirmation. When a 
document is more than five years old, and has not been reaffirmed, it is reasonable 
to conclude that its contents, although still of some value, do not wholly reflect the 
state of the art. Users are cautioned to determine that they have the latest edition of 
any IEEE Standard. 


Comments for revision of IEEE Standards are welcome from any interested party, 
regardless of membership affiliation with IEEE. Suggestions for changes in doc- 
uments should be in the form of a proposed change of text, together with appro- 
priate supporting comments. 


Interpretations: Occasionally questions may arise regarding the meaning of 
portions of standards as they relate to specific applications. When the need for 
interpretations is brought to the attention of the IEEE, the Institute will initiate 
action to prepare appropriate responses. Since IEEE Standards represent a con- 
sensus of all concerned interests, it is important to ensure that any interpretation has 
also received the concurrance of a balance of interests. For this reason, IEEE and the 
members of its technical committees are not able to provide an instant response to 
interpretation requests except in those cases where the mailer has previously 
received formal consideration. 


Comments on standards and requests for interpretations should be addressed to: 


Secretary, IEEE Standards Board 
345 Fast 47th Street New 
York, New York 10017 
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Preface 


This Preface is not part of the 996 bus specification. 
This document represents the current status of the work of the P996 committee. 


Appendices to this document should be considered as options, not as part of the standard. However, they do 
generally conform to the electrical and mechanical specifications described in this document. 


Related documents Include: 
PCET Hardware Subcommittee Rus Proposal, Document 0886-006A, revision level 1.0, 2 October 1986. IBM 
PC/AT Hardware Technical Reference 6183355, Revised Edition, March 1986, IBM Corporation IBM 
RT/PC Hardware Technical Reference 6489893, First Edition, November 1985, IBM Corporation ISA Bus 
Specification and Application Notes, revision 2.01, Sept 12, 1989, Intel Corporation 

Comments on this draft should be sent to: 


Mike Fung (Document Editor) 
Chips and Technologies, Inc., 3050 Zanker Road 
San Jose, California 95134,408/434-0600 Tax 408/434-0765 
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Gordon Force 7 
Force Technology, 4340 Almaden Expressway, Suite 240 
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It originated in 1986 in the efforts of the PCET, which was a PC industry group formed to codify and extend the 
PC/AT I/O channel and became an IEEE working group in 1987. A PAR was issued, P996, and two subcommittees 
were formed, one to extend the capabilities of the bus and the other to codify the existing defector industry Standard 
bus. 


The 8 bit I/O channel found in the IBM PC and XT and later extended to 16 bits in the AT, has become a defacto 
standard found in millions of IBM and IBM-compatible personal computers. However, because no detailed timing 
specifications were released by IBM there always has been confusion as to what constituted "compatibility" to the PC 
and AT buses. 


= Board designers had to test their products in many different PC and AT systems to establish some degree of 
confidence that they would work correctly when installed in user's systems. 


+ System designers had to test many different boards in their systems and compare timing and circuits to other 
widely used PCs and ATs as well as the original IBM designs. 


Inall above cases this just guaranteed compatibility to a "typical" system since a "worst case" system did not normally 
exist. The "reference" was an 8MHz1BM model 339 PC/AT with worst case timing numbers specified. 


This document is intended to define the operation of the PC/AT I/O channel as concisely as possible for both system 
and add-in board designers and manufacturers. 
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1. Introduction 


This document is intended to provide a common specification for the development of systems and adapter boards that 
Operate in that system using the P996 Bus. It is the intent of the P9% committee to develop an industry standard 
definition that allows system and adapter board developers, system integrators and end users confidence in 
compatibility of products designed to meet the P996 specification. 


The intent of this specification is to allow for the use of most PC and PC/AT adapter cards in conjunction with 
P996. P996 allows for higher performance than those buses but allows users to take advantage of existing adapter 
cards. It can also be used as a specification for the operation of the 8 bit I/O channel found in PC and PC/XT 
systems. 


1.1 Specification Objectives 


The P996 bus specification defines the interface for the use of interconnecting data storage, data" processing, and 
peripheral control devices in a closely coupled configuration. 


This specification describes physical, electrical characteristics and protocol of the P996 bus. 


1.2. System Elements 


1.2.1 Physical Structure 
The physical structure of the I'996 bus defines the relationship of the adapter connectors to the required size for 


adapters attempting to meet the standard. Two different adapter form factors have been identified that would 
conform to the P996 bus structure: 


* 8 bit form factor card adapter (PC height) physically compatible to the PC/XT. 
* 16 bit form factor card adapter (AT height) physically compatible to the PC/AT 


1.2.2 Functional Structure 
The functional structure of the P996 bus consists of four groups of signal lines called busses. These signal groups are 
intended for the following functions: 


+ Data Transfer 
+ Address 
+ Data 
+ Utilities 
Controls 
+ Commands 
+ Transfer Response 
+ Bus Arbitration 
+ Interrupts 


Each of those functions are discussed in detail in Section I..1.5.3, "Signal Definition" of this document. 


1.3 Specification Terminology 


1.3.1. Bit Numbering Conventions 

The busses of the P996 bus specification are numbered from '0' (a single digit), appended to the name, for least 
significant bit to the appropriate number for the most significant clement in the bus. The one exception is the LA 
bus that is numbered to represent the address value that it carries, For the P996 busses the following are the least and 
most significant bits: 
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Most Significant Least 
NS 


LA23 LAI7 
SAI9 SAO 
DIS bo 


4.3.2 Byte Numbering Conventions 7 3 
Sixteen bit words are addressed on an even byte address boundary (A0 = 0). The following table shows the alignment in 
memory of byte and word addresses. 


15 [08 {07 | 00 Byte 
address 
~— word < 6 > —--- 6 


— word < 4>-—--- 


4 
Byte <3> | Byte <2> 2 
[') 


Byte <1> | Byte <0> 


1.3.3. Signal Line States 

A signal line is always assumed to be in one of two levels or in transition between these levels. The term LOW refers to 
a voltage less than or equal to Vil (0.8V) with respect to the ground reference provided at the bus connector. The term 
HIGH refers to a voltage equal to or greater than V/A (2.0V) with respect to the same reference. These voltage levels are 
defined in Table 8.2 on page 8.1 and Table 8.3 on page 8.1 


1.3.4 Active Polarity 
Signal names carry information as to the logic level of the asserted state. A signal name with a "*' following it is active 
(asserted) when it is LOW. A signal name with no trailing '*" is active (asserted) when it is HIGH. 


13.5 Terminology 


1.3.5.1 General 


Backplane: A circuit board with one or more bus connectors which provides signals for communications between bus 

adapters. 

Bus Adapter: Any device which occupies a bus slot and responds to or generates Memory or VO addresses, gen- 
interrupts or in any way communicates with other elements (Permanent Master or bus adapters) using the bus is 
considered a bus adapter. Ss 


Bus: A set of signal lines to which a number of devices are connected and over which information is transferred 
between them. 


Byte: A set of 8 signals or bits taken as a unit 

KBytes(K): 'K Bytes' refers to 1,024 bytes. 

MBytcs(M): 'M Bytes’ refers to 1,048,576 bytes. 

Slot: is a physical location on the bus that allows connection of bus adapters to the backplane. 


Word: A set of 16 signals or bits taken as a unit. A word is composed of two sequentially addressed bytes. 


1.3.5.2 Protocol 


Alternate Mas' is any device that can take control of the bus through assertion of the MASTER* 


signal. Ithas 
1.2 Introduction 
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the ability to generate addresses and bus control signals in order to perform bus operations. All Alternate Masters 
must be 16 bit devices and drive SBHE*. 


Bus Exchange: The process by which the bus mastership is passed between different adapters on the bus. This 
process is defined in Section 3.4, "Alternate Master Operations", The exchange is designed in such a way as to allow 
reliable system operation with multiple bus masters. 


Bus Ownership: The Current Master possesses bus ownership and can assert any bus control, address and data lines. 


Cunt Master: The Permanent Master, Temporary Master or Alternate Master which currently has ownership of 
the bus. 


Initiator is any device which generates addresses and strobes according to the defined protocol of the bus to cause a 
transfer of information to occur on the bus. The initiator is characterized by the generation of address and control lines 
rather than responding to those signals. A Bus Adapter can be an initiator, target or both. 


DMA transfer: is initiated by asserting DMA request. The transfer is controlled by the Current Master. 


DMA device: is defined as any device which generates a DMA request but requires that the permanent bus masters’ 
logic support the actual transfer of data and gating on the bus. 


Permanent Master Each P996 bus will have a device known as the Permanent Master that provides certain signals and 
bus control functions as described in Section 3.5, "Permanent Master". The Permanent Master function can reside on 
a Bus Adapter or on the backplane itself. 


Target: is any device that responds to an address and control inputs on the bus to perform I/O, memory or control 
functions. The target is characterized by the receiving of address and control signals to accomplish a bus operation. 


Temporary Master: A Temporary Master is defined as a device that is capable of generating a DMA request to 
obtain control of the bus and responding to an acknowledge signal in conjunction with an I/O read or write. The 
Permanent Master's DMA control logic coordinates a simultaneous memory access and I/O operation based on this 
request. Addresses, memory and I/O control are generated by the DMA device on the Permanent Master. 


1.3.5.3 Electrical 


Open-Collector: A bus signal connection that can be driven to a logic ‘()' level only. A pullup resistor to the positive 
supply is required to establish a logic T level. It can also be implemented with a tri-state driver by controlling the 
output enable and forcing the input. Drive capability for P996 open-collector signals is defined in Table 8.4 on page 
8.3. 


Totem-Pole: is a bus signal connection that is capable of driving the bus to the logic T or logic '()' level. It cannot be 
disabled. Drive capability for P996 totem-pole signals is defined in Table 8.4 on page 8.3. 


Tri-state: is a bus signal connection that presents low leakage current on the bus in the disabled state. This signal is 
capable of driving the bus to either the logic ‘/' level or logic '0' level when enabled. Drive capability for P996 tri-state 
signals is defined in Table 8.4 on page 8.3. 
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2. Signal Definition 


2.1 Introduction 


This section defines each signal and its function. Detailed information of sequences are described in Section 2.5. 1, "Data 
Transfer Operations”. 


2.2 Data Transfer 


2.2.1 Address 

The address bus consists of two sections, the first is the pipelined or un-latched address which is valid only with 
Tespect to the BALE strobe. The address for the next access can become available on the LA23 . .LA17 lines before the 
end of the current cycle. The balance of the addresses are defined to be stable throughout the bus cycle. 


LA23..LA17: The address signals LA23. .LAI7 define the selection of a 128KB section of memory space within the 
16MB address range of the sixteen bit data bus. These signals are Active HI. The validity of-the MEMCS16* depends on 
these signals only. These address lines are presented to the system with tri-state drivers. The Permanent Master drives 


these lines except when an Alternate Master cycle occurs, when the Temporary Master drives these lines. The LA 
signals are not defined for /O accesses. 


SAI9..SAO: The address signals SA19 . .SAO define the selection with the granularity of one byte within the IMB 
section of memory defined by the LA address lines. The address lines SA19. .SA17 that are coincident with LA19 . 
-LA17 are defined to have the same value as LA19 . .LA17 for all memory cycles. These signals are Active HI. These 
address lines are presented to the system with tri-state drivers. The Permanent Master drives these lines except when an 
Alternate Master cycle occurs when the Temporary Master drives these lines. During a refresh initiated transfer only SA7 
- SAO are valid. 


SBHE*: is an Active LO signal that indicates that a. byte is being transferred on the upper byte (SD15 . .SD8) of the 
sixteen bit bus. All bus masters will drive this line with a tri-state driver. 


2.2.2 Data 
The data bus is the primary vehicle for the exchange of information within the P996 structure. These busses can be 
driven by either an Initiator or a Target in a particular bus transfer. The signals are Active Jf J, tri-state signals. 


SO15..SD8: are defined for the high order byte of a sixteen bit bus. Memory or I/O transfers on this bus are 
defined when SBHE* is active. 


SD7..SDO: are defined for the low order byte of a sixteen bit bus and the only bus for eight bit adapters and systems. 
Memory or I/O transfers on this bus are defined for 8 bit operations with even or odd addresses and for 16 bit operations 
for odd addresses only. The signals SAO and SBHE are used to define the data present on this bus. Byte multiplexing 
is described in Section 3.3, "DMA Operations". 
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Table 2.1. Data Alignment with 16 bit Bus Adapter 
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2.3 Utilities 
2.3.1 Controls 


SYSCLK: This clock signal may vary in frequency from 6MHz. to 8.33MHz however, timing parameters shall not 
be referenced to this clock, Y sad 


OSC: This is a clock signal with a 14.31818 MHz +50ppm frequency and a 50£5% duty cycle. This signal is 
driven by the Permanent Master. 


RESETDRY: This Active H/ signal indicates that the adapter should be brought to an initial reset condition. This 
signal will be asserted on the bus a specified minimum amount of time to insure the adapters in a system are properly 
reset. When active all adapters should turn offer tri-state all drivers connected to the I/O channel. This signal is 
driven by the Permanent Master. 


2.3.2 Commands 
The following signals are used to control data transfer operations on the P996 bus. 


BALE: is an Active HI signal is used to latch valid addresses from the current Bus Master on the falling edge of 
SALE. During DMA, refresh and Alternate Master cycles, BALE is forced HIGH for the duration of the transfer. LE 
is driven by the Permanent Master with a totem-pole driver. 


IOR*: is an Active LO signal driven by the Current Master to indicate a I/O read operation. 1/O mapped devices using 
this strobe should decode for selection of adapter and address based on SA15.. SAO and AEN. Additionally, DMA 
devices will use /OR* in conjunction with the appropriate DACKn* to decode a DMA transfer from the I/O device. 
The Current Master will drive this line with a tri-state driver. The Permanent Master also ties’ this line to +5V 
through a 4.7KQ resistor to insure the signal is inactive during the exchange of bus masters. 


IOW*: is an Active LO signal driven by the Current Master to indicate an /O write operation. /O mapped devices 
using this strobe should decode for selection of adapter and address based on SA15 . SAO and AEN. Additionally 
DMA devices will use -IOW in conjunction with the appropriate DACK/z* to decode a DMA transfer from the I/O 
device. The Current Master will drive this line with a tri-state driver. The Permanent Master also tics this line to +5V 
through a 4.7KQ resistor to ensure that it is inactive during the exchange of bus masters. 


SMFJVIR*: is an Active LO signal driven by the Permanent Master to indicate a memory read operation in the first 
1MB of system memory. Memory mapped devices using this strobe should decode addresses SA19. .SAO only. All 
bus masters will drive this line with a tri-state driver. The Permanent Master also tics this line to +5V through a 
4.7KQ resistor to ensure that it is inactive during the exchange of bus masters. 


MEMW*: isan Active LO signal driven by the Permanent Master to indicate a memory write operation in the first 
1MB of system memory. Memory mapped devices using this strobe should decode addresses SA19. SAO only. All 
bus masters will drive this line with a tri-state driver. The Permanent Master also tics this line to +5V . through a 
4.7KQ resistor to ensure that it is inactive during the exchange of bus masters. Ifan Alternate Master drives 
MEMW%, the Permanent Master will drive SMEMW+* delayed by an intemal multiplexer. 

MEMR®: is an Active LO signal driven by the Current Master to indicate a memory read operation. Memory 


mapped devices using this strobe should decode addresses LA23. .LAI7 and SA19,. .SAO. All bus masters will 
drive this Jine with a tri-state driver. The Permanent Master also tics this line to +5V through a 4.7KQ resistor to 


ensure that it is inactive during the exchange of bus masters, 
MEMW*: is an Active LO signal driven by the Current Master to indicate a memory write operation. Memory 


mapped devices using this strobe decode addresses LA23, .LAI7 and SA19. SAO. All bus masters will drive this line 
with a tri-state driver. The Permanent Master also tics this line to +5V through a 4.7KQ resistor to ensure that it is 


inactive during the exchange of bus masters. 


Note: If an Alternate Master drives MEMsx*, the Permanent Master will drive SMEM.x* delayed by an internal 
multiplexer. 
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2.3.3. Transfer Response 


1OCS16*: is an Active LO signal driven by an 1/O-mapped adapter indicating that the I/O device located at the 
address on the bus is sixteen bits wide. This open collector signal with a 300Q pullup is driven based only on 
SAIS. .SAG (not IOR* or IOW*) when AEN is not asserted. 


MEMCSIG6*: This Active LO signal is driven by a memory-mapped adapter indicating that the memory device 
located at the address on the bus is sixteen bits wide. This open collector signal with a 300Q pullup is driven based 
onLA23, .LAI7 only. 


ENDXFR?*: is an Active LO signal asserted by an 16 bit memory mapped device that may cause an early termination 
of the current transfer. It should be gated with MEMR* or MEMW‘* and is not valid during DMA transfers. IOCHRDY 
has precedence over ENDXFR‘. It is called OWS* on some implementations. This is an open collector signal with a 
300Q pullup. 


IOCHRDY: is an Active HI signal driven inactive by the target of either a memory or I/O operation to extend the 
current cycle. This open collector signal is driven based on the system address and the appropriate control strobe. 
TOCHRDY has precedence over ENDXFR*. 


IOCHCK:*: is an Active LO signal driven active by an adapter detecting a fatal error during bus operation. This 
open collector signal is driven LOW typically causing a non-maskable interrupt. 


2.4 Bus Arbitration 
2.4.1 DMA 


DRQO..DRQ3,DRQS5..I)RQ7: are Active III signals driven by a DMA bus adapter to indicate a request for a 
DMA bus operation. DRQ1. .DRQ3 request 8 bit DMA operations while DRQS. .DRQ7 request 16 bit operations. All 
bus DMA adapters will drive these lines with a tri-state driver. The Permanent Master monitors this signal to 
determine which if any of the DMA devices are requesting the bus. 


These lines are not guaranteed unless a bus adapter has been configured into the system that drives this line spe- 
cifically. Therefore, it is the responsibility of the Permanent Master to 'mask' request inputs through software. 


DACKO*..DACK3*,DACKS5*..DACK7*: are Active LO signals driven by the Permanent Master to indicate that a 
DMA operation can begin. They are driven with a totem pole driver at all times for those DMA channels that are 
attached. 


AEN: is an Active HI totem-pole signal driven by the Permanent Master to indicate that the address lines are 


driven by a DMA controller. The assertion of AEN disables response to I/O port addresses when the /O command 
strobes are asserted. When AEN is asserted only the device asserting DRQ« should respond. 


REFRESH*: is an Active LO signal driven by the Current Master to indicate a memory refresh operation. The 
Current Master will drive this line with a tri-state driver. 


TC: This Active HI signal is asserted during a read or write command indicating that the DMA controller has 
reached a terminal count for the current transfer. DACK*n must be presented by the bus adapter to validate the TC 


signal. 
24.2 Arbitration Control 
MASTER: is an Active LO signal driven by a DMA bus adapter to indicate that the adapter is going to perform an 


Alternate Master cycle after accomplishing a bus exchange. This open collector signal is driven only when the DMA 
adapter has received the DMA acknowledge assigned in the system by configuration, 
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2.5 Interrupts 
2.5.1 Requests 


TRQB.IRQ7, IRQ9.ARQD, IRQ..ARQUE: are Active 17 open collector signals which indicate the presence of an 
interrupting bus adapter, IRQ31IRQ7 and IRQY are available on the PI(8 bit) connector while IRQI0. IRQI2Z 
and IR14. IRQUS are available on the P2 (16 bit) connector providing a total of eleven interrupts for a system 
Because of the use of pullups, unused intermupt inputs must be masked. 


Additional interrupts within a system can be accomplished throu h the use of shared interruy 
Section 4.2, "Shared Interrupts”. It should be noted that the shared interrupt concept requires ¢ 
adapter on the bus indicates the need for interrupt service with a pulse rather than a level. The hardware suppor 
interrupt arbitration must be designed (or programmed) to be edge rather than level sensitive. 


pts as described in 
at the interrupting 
ting the 
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3. Data Transfer Operations 


3.1 Introduction 


The sequence and the timing of the defined bus data transfer, interrupt, DMA and Alternate Master and other event 
Sequences are shown with an explanation of the dependencies. Section 3.2, "Memory and I/O Operations" specifies 
memory and I/O operations for standard non-DMA transfers when 


((AEN =L) OR (MASTER* =H)) AND (REFRESH* =H) 


DMA sequences are defined showing the aspects of the sequences that are unique to DMA transfers. The transfers 
detined for the Permanent Master also apply to DMA devices with the indicated limitations. Section 3.3, "DMA 
Operations” specifies cycle operations for DMA transfers when 


(AEN =H) AND (REFRESH* =H) 


Section 3.6, "Refresh" specifies refresh operations when REFRESH* is asserted. 


Each section consists of a timing specification table followed by one or more timing figures. 


3.2. Memory and I/O Operations 


Table 3.1 on page 3.3 is a summary of memory and /O operation timing. Many of the parameters are used for 
several of the timing diagrams describing the various transfer operations on the bus. Figure 3.1 on page 3.4 thru 
Figure 3.3 on page 3.6 describe the timing sequences for 8 and 16 bit memory and I/O transfers on the bus. 8 and 
16 bit memory and I/O extended timing (using IOCHRDY) transfers are shown in Figure 3.4 on page 3.7 and 16 
bit memory compressed (using ENDXFR*) transfers are shown in Figure 3.5 on page 3.7. 


3.2.1 Memory Read Default Timing 

The start of a cycle is indicated by the LA23 . .LA17 address lines being driven and BALE going active. The ad- 
dressed device decodes the LA23. .LA17 address lines and drives MEMCS16* to indicate that the device is capable 
or not capable of 16 bit transfers. On the falling edge of BALE, the remaining address lines SA19. .SAG become 
valid. The falling edge of MEMR* or SHEMR* indicate that the cycle is to be a memory read cycle, the read data is 
then placed on the bus by the target device and is read on the rising edge of MEMR* or SMEMR*. 


3.2.2 Memory Read Extended Timing 

For extended timing, the MEMR* and SMEMR‘* strobe widths are extended to allow more time for the read data to 
become available. A fier MEMR* and SMEMR* become active, the target drives IOCHRDY inactive until the rend data 
becomes available at which time IOCHRDY goes active and the cycle completes as it did in the default timing case. 


3.2.3. Memory Read Compressed Timing 

For compressed read timing, the MEMR* and SMEMR* strobe widths can be shortened by asserting ENDXFR* when a 
valid memory address qualified with MEMR* has been recognized and the requested data has been placed on the SD 
bus. The Current Master is then free to immediately deassert MEMR* and SMEMR‘* as soon afterwards as is 
convenient (the data has been guaranteed latched). The target being read is responsible for ensuring sufficient data 
hold time for the initiator to latch the data by not removing the data from the SD bus until MEMR* has been de- 
asserted. This type of read timing is valid only for 16 bit memory operations. 


3.2.4 Memory Write Default Timing 

The start of a memory write cycle is very similar to a memory read cycle. The LA23 . .LA17 address lines become 
valid and BALE goes active, the addressed device decodes the LA23. .LA17 address lines and drives MEMCS16* to 
indicate that the device is capable or not capable of 16 bit transfers. On the falling edge of BALE, the remaining 
address lines SA19. .SAG become valid. A memory write cycle is indicated by the leading edge of MEMW* or 
SMEMW*. The write data is available on the SD7. .SDO lines (or SD15. .SDO lines for 16 bit transfers) prior to 
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MEMW* and SMEMW* going active and remains valid until after the trailing edges of MEMW* and SMEMW*. This allows the 
Write data to be latched on cither edge of MEMW* and SMEMW*. 


3.2.6 Memory Write Extended Timing 

Extended write timing is similar to the memory read case, in that the MEMW* and SMEMW* are widened to allow 
more time for the target device to latch the write data on the SD lines, After MEMW* and SMEMW* become active, the 
target drives IOCHRDY inactive which will hold MEMW* and SMEMW* active until IOCHRDY is released. 


3.2.6 Memory Write Compressed Timing 

For compressed write timing, the MEMW* and SMEMW* strobe widths can be shortened by asserting ENDXFR* when a 
valid memory address qualified with MEMW* has been recognized and the requested data has been latched from the 
SD bus. The Current Master is then free to immediately deassert MEMW* and SMEMW*. The target being written is 
responsible for ensuring sufficient data hold time to latch the data either by waiting to assert ENDXEFR* until the data is 
latched or by providing sufficient path delays in its logic. This type of write tinning is valid only for 16 bit memory 
operations. 


3.2.7. Bus Settling Factor 
The inclusion of a factor for bus settling will insure a high degree of compatibility between systems incorporating the 
P996 bus. It assumes a fully loaded 8 slot backplane, additional slots will require a longer settling time. 


Bus settling time of 117 is sufficient to account’ for backplane impedance, trace length and load violations, driver type, 
and relative slot location of driver and receiver. 


For a low to high transition, the time is measured from Vol (0.5V) at the driver to V/A (2.0V) at the receiver. Fora 
high to low transition, the time is measured from Voh (2.4V) at the driver to V/V (0.8V) at the receiver. 


This settling time appears in several ways in the timing tables as a difference between the delay times at the driver and 
receiver: 


+ Two signals generated by drivers on the same device. The skew of their arrival at receivers on another device can 
be a maximum of I 11S. 

+ From a driver on one device to a receiver on another and return from a driver on the other to a receiver on the first 
device. The total round trip is 22nS. 

+ Rise time for a line driven by an open-collector driver terminated with a pull-up resistor. The settling time for 
these entries is 22S and 781S for 300Q and 1KQ. pull-up resistors, respectively, for a single direction of travel. 
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LA setup to BALE deasserted 
BALE pulse width 
LA hold from BALE deasserted 


X setup to MEMx? asserted. 
LA setup to MEMx* asserted. 


MEMCS16* valid from LA 
MEMCS16* hold from LA 
SA.SBHE* setup to MEMx’ 
SA.SBHE* setup to 1Ox* 
SA.SBHE* setup to IOx* or MEM** 


Command width 
Command width with ENDXFR* asserted 
Command width (Note I.) 


Read data access 

Read data access 

Read data access with ENDXFR* asserted. 
Read data access (Note 2.) 

Write data setup 
Write data setup 

Write data setup {eye 
Write data setup (odd) 


‘command deasserted 
Command deasserted 
end deasserted 


Read Command to SD disabled 

ENDXFR* asserted from command 
ig [0 fone —fiocsie"acenet fons TJ 
pa__fio__{sii6_| IOCS16* hold from SA 


TOCHRDY valid from command asserted IOCHRDY 
valid from command asserted 


M,IO IOCHRDY deasserted pulse width 
M.IO Command hold from IOCHRDY 
M.IO BALE asserted from command deasserted 


35 
167 
Data setup to IOCHRDY deasserted (8 bit even) 85 
Data setup to IOCHRDY deasserted (8 bit odd) 75 
LA hold to MEMx* active q 
LA hold to MEMx* active 


ENDXER* setup to SYSCLK falling edge 
ENDXFR* hold from SYSCLK falling edge 
MIO 8/16 AEN deasserted to command asserted 
M,10 8/16 AEN asserted from command deasserted 
AEN setup to BALE deasserted 

SD disabled from read command asserted 
IOCHRDY hold from command asserted 
LA setup to ENDXFR* asserted 
SA setup to ENDXFR* asserted 


Table 3.1. Memory and I/O Timin, 
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<a> 
SYSCLR SII I I NIN 
< _—> ee 
NEXR*, NENW \ / 
=>] 10> ]14 |< 
=>}16-|<= 
=> [18 |<- 
SD<1S..0> < ——$—_——— 
<-7->| —>[12-|<- 
SAC16..0> 
SBRE* 7 a 
<4 > | 26. 
<—1—> |<-3-> 
BALE ee ee 
|-2-] 
LAC23..17> x 
ae | => |6|<— 
| a 
MENCS16* \ / 
TOCHRDY \__/ Note 1. 
ee 
ENDXFR* \__/ Note 2. 


Figure 3.1. 16 bit Memory liming: 
Note: 


1. JOCHRDY Timings apply if deasserted. See Figure 3.4 on page 3.7 
2. ENDXFR* Timings apply if asserted. See Figure 3.5 on page 3.7 
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TOR* , IOW* 
=>} 11] <-10-—>/14]< 
~>{16=| <= 
=> [15] <= 
SD<15..0> _—_—_—-—< < > 
<+7->| —>|12-|<- 
SA<15..0> 
SBRE* xX, 
vie —>}19/<- 
tocsi6* 
pins i 
BALE rN : 
TOCHRDY \ / Note 1. 


Figure 3.2. 16 bit 1/O Timing: 
Note: 


I. IOCHRDY Timings apply if deasserted. Sce Figure 3.4 on page 3.7 
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ee ee es 
<—8—> | <-13—> 


SMENR* , SMEMW* \ 
* =>[11]<-10—>[14]< 
—>|16-|<- 
—>|15|<- 
SD<7..0> SK <, —_—_—_—_—_—_——_—_— 
<-7->| =| a <- 
ee pe en eee 
SA<19..0> x —X_ 
<——4— | 26-|<- 
<—1—> | <-3—> =>|23|<- 
BALE a a =a 
| |-2-] 
6 ii ee 
LAC23..17> Mi ee ne es 
|<-5->| => |6|<- 
see a ee 
MEMCS16* 3 \ NS, an 


a ee eee 
IOCHRDY \ / Note 1. 2 
Figure 3.3. 8 bit Memory or I/O Timing: 
Note: 
1. IOCHRDY Timings apply if deasserted. See Figure 3.4 on page 3.7 
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MEMR® , MENW* \ J 
->|20 ig oe 


I 


TOCHRDY 
SD<1S..0> 


ENDXFR* 


Figure 3.4. IOCHRDY Timing 
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ENDXFR* 
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SD<15..0> KC. —>—$—$— $s 


IOCHRDY 


Figure 3.5. ENDXFR* Timing: 
Note: 
1. Assertion of ENDXFR* within the maximum time from command is only required for a 16 bit 


cycle with zero wait states, otherwise ENDXFR* may be asserted at any time during the cycle 
while command is asserted. 


ee ee eee 
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3.3. DMA Operations 


Table 3.2 is a summary of DMA operation timing defined for DMA transfers illustrated in Figure 3.6 on page 39. 
Many of the parameters are used for several of the timing diagrams describing the various transfer operations on a . 
bus. DMA transfer timing is determined by the width of the participating 1/O and memory. If both are 16 3 
devices then the timing rules for 16 bit operations are used. Under all other conditions, 8 bit timing rules shou! 
observed. 

TC (Terminal Count) is used by the Permanent Master's DMA controller to indicate the last transfer in a particular 
block of data. This signal is always driven by the Permanent Master and may not be driven by an Alternate Master 


Routing of data is described in Section 3.5.2, "Data Routing" for cases of 8 and 16 bit devices transferring data. The 
DRQn signal for a channel, once asserted, must remain asserted until the corresponding DACK*n is received. 


DMA devices that have requested the bus should not drive IOCHRDY to the inactive state, the request should not be 
generated unless data is available from the device. 


BALE remains asserted throughout DMA and Alternate Master operations and therefore is not suitable, for starting a 
memory access sequence. 


ref 


DACKn*, AEN setup to IOR* 
DACKn*, AEN setup to IOW* 


Address setup to MEMx*,IOW* 


TOR* setup to MEMW* 
MEMR* setup to IOW* 


Data access from IOR* 8/l6b 
Data access from MEMR* 16b 
Data access from MEMR* 8b 


Data setup to IOW* unassorted 
6 Read command hold from write and 


oFR Ty] NT aT 


7 SBHE*, address hold 

8 Data hold from read command 

9a TOCHRDY deasserted from 1 6b memory command 
b JOCHRDY deasserted from 8b memory command 
10 TC hold from command unassorted 

Mla JOR* pulse width 

b MEMR* pulse width 


12 1OW*, MEMW* width 


13a |DACKn* hold from JOR* 
b DACKn* hold from JOW* 
¢ AEN hold from and 


14 DREQ inactive from JOx* 
15 JOCHRDY low width 
16 ‘se setup to command unassorted 


Table 3.2. DMA Timing 
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Notes 1, and 4, 


DRQn \ 5s nceesiaenmsencncmionesss 

= |14] FF | eT 
DACKn* ee ee eee en Oe See a 

IB aa ] I 

SACLG v5 Od, SBN screenees eimai 
LA<23,.17> x ak eae eect ees 

see 11 | 
TOR* akira 

—>|-3-|<-12-> 

IOW* ,MEMX* Nef 


SD<15S..0> 


Figure 3.6. DMA Timing: 
Note: 


1. DRQa may be deasserted anytime after DACKn* during a block mode DMA transfer. 

2. IOCHRDY may be dcassertcd to insert additional wait states. Additional bus wait states are 
added in units of two bus clocks. 

The DMA controller activates TC during thc last cycle of a YMA request. 

DMA transfers may be broken up into multiple back-to-back cycles where the DMA controller 
removes DACKn* and optionally releases the bus to allow higher priority cycles to occur. In 
this case DACKn* will be temporarily deasserted even though DRQz is still asserted. 


ay 
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3.4 Alternate Master Operations 


This section describes data transfers between a Temporary Master and a target of different word width. Only the 
routing of data and not the sequencing or synchronization of such transfers is described. DMA transfer timing, Is 


determined by the width of the participating /O and memory. If both are 16 bit devices then the timing rules for 16 bit 
operations are used. Under alt other conditions, 8 bit timing rules are observed. 


Timing for Alternate Master operations are identical to those specified for memory and 1/O_ operations in Section 3.2, 
"Memory and 1/O Operations" and in Figure 3.1 on page 3.4 through Figure 3.5 on page 3.7. The only exception is 
that LA23 . .LA17 must be held valid for the entire cycle. Combined memory and 1/0 cycles (eg. DMA) are not 
available to a Temporary Master. Both I/O and memory operations are valid except that zero wait-state (ENDXFR*) 
timing is not supported because it would be difficult to achieve since the Alterate Master clock is either asynchronous 
or at least skewed from the Permanent Master clock. 


Figure 3.7 depicts a Bus Exchange sequence which differentiates an Alternate Master cycle from others. Once the 
Temporary Master has gained control of the bus it may perform any combination of memory or I/O operations. 


If a Temporary Master retains control of the bus for more than 2.5 microseconds certain existing bus adapters 
(DMA) may suffer data overrun conditions. 


If a Temporary Master retains control of the bus for more than the refresh period (~ 1511S), bus refresh operations 
must be performed to insure DRAM data validity. An alternate approach is to ‘trigger’ DMA or Alternate Master 
rations from the trailing edge of REFRESH* to ensure that the sequence completes and releases the bus before ;e 
refresh period occurs. 


Some existing systems do not drive MEMCS16* correctly for the lower 256KB or 512KB of memory. Itis advisable to 
provide for internal generation of that signal on an Alternate Master controller that needs to gain peak per- 
formance on the bus. 


any valid 
memory or I/O 
operation 
SBHE* 
LA23..LA17 
SA19.-.SAO 


1OR* , IOW*, 
SMEMR* , MEMR* 
SMEMW* , MEMW* 


Figure 3.7. Alternate Master Bus Arbitration 


3.5 Permanent Master 


There is one and only one device on a P996 bus that is described as the Permanent Master that's function is to 


+ Deal with generation of fixed timings signals 

* Resolve bus allocation issues that by their nature require the involvement of a single centralized arbiter 
+ Facilitate the routing of data between devices of different widths, 

* Detect and service interrupts. 
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In many systems, the Permanent Master is located on a System Hoard containing processors, memory and other 
key components of the system. In many systems, the Permanent Master also functions as a gateway between the 
P996 bus and other local memory or I/(3 buses that are tightly coupled to the processor. While this is a common 
arrangement, it is not the only one permitted by this specification. 


The Permanent Master is a fixed device on the P996 bus. Its duties may not shift from board to board in the same way 
that alternate mastership may. Although more than one board may possess the logic needed to function as a Permanent 
Master, it is assumed that there is never any dynamic transfer of that function from board to board during normal bus 
operation. 


The Permanent Master may also contain logic that allows it to function as an Alternate Master, or it may contain 
logic that allows it to function as the primary bus master device. In addition, it may function as a gateway to other such 


The Permanent Master must, by definition, be the widest device in any given bus system. Any devices narrower 
than the channel controller are attached in such a fashion that they are aligned in their least significant bits. That is: 
8 bit devices are only allowed to be connected to SD7. .SDO, 16 bit devices may only be connected to SD15. 
-SDO, ete. 


The Permanent Master must be capable of reading and writing data on all of the system's data lines in systems 
having more than 8 data lines. The Permanent Master has no data routing functions to perform in an 8 bit bus 
system since all devices are the same width. 

The Permanent Master shall be capable of generating the following control signals: 

SYSCLK: distributed as a reference clock to all Bus Adapters. OSC: distributed as a 

reference to all Bus Adapters. RESETDRV: broadcast to all Bus Adapters to reset them. 


REFRESH*: distributed to indicate a refresh cycle to all Bus Adapters with DRAMs that do not perform local 
refresh. 


BALE: indicates to a Bus Adapter that the LA lines are valid and may be latched on the falling edge. It is forced high 
during a DMA or Alternate Master operation. 


AEN: when asserted indicates that the DMA device is driving the address lines. 

TC: indicates to an I/O device involved in a DMA operation that this is the last transfer (DMA terminal count). 

It should monitor the following signals: 

S40) which indicates when asserted that the current bus master device is transferring data starting at an odd byte 


SBHE*: which indicates when asserted that the current bus master device is transferring data in or out on 
“SD15..SDS. 


MEMR*, MEMW*, IOR*, IOW*: all must be monitored to detect the direction and timing of transfers. 


MEMCSIG6*, IOCS16*: are monitored to detect that the destination device addressed has 16 bit transfer capabilities of 
its own. 


IRQ3..IRQ7, IRQ9..IRQI2, IRQI4..IRQIS5: are monitored to detect interrupt conditions. 


AEN, DRQO..DRQ7, DACKO*, DACK7*: must all be monitored to track bus-to-bus transfers by "traditional" DMA 
devices. It is assumed that some information is conveyed by the allocation of these lines about the nature of the bus 
master involved in the transfer, and the Permanent Master is aware of this information, Systems supporting 8 bit devices 
assign channels 0-3 only to 8 bit devices and channels 4-7 only to 16 bit devices, 


MASTER*: which indicates that the bus is in use by an Alternate Master device. It may 


also generate or monitor signals for other purposes not related to data routing. 
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3.5.1 Initiator and Target Transfer Width Determination 

The Permanent Master is the sole device with responsibility c 
SD15. . SDO from devices that require multiplexing services to adjust the routing 0} 
ferent width. Ordinarily, this data is a copy of data currently being placed on another grou! 
The Permanent Master monitors the bus signals generated by the Current Master in order to decide when and in 


which direction to multiplex data based on the initiator and target transfer widths. 


for output of data to the system data bus lines 
f data between devices of dif- 


p of system data lines. 


It determines the width of the initiator by examining SBHE*. If the master is a 16 bit master doing a transfer to an 
odd byte address, this signal will be asserted. If it is not asserted, the initiator is cither not a 16 bit master, or does not 
require multiplexing since it is transferring only low byte data. 


reel in by examining MEMCS16* and [OCS16*. If none of these 


The Permanent Master determines the width of the ta | J 
it device; if cither of them is asserted, then the target width is 


signals are asserted, the target is assumed to be an 8 
16 bits. : 


3.5.2 Data Routing 
For transfers between 8 and 16 bit devices, the data transfer routing and those requiring crossover transfers per- 


formed by the Permanent Master are shown in Table 3.3. 


Iocs16* 


Normal 
Transfer 


Tm | 
iL 
Lac |_| 
epee pop acm |_| 
repepetey oc | ee _ 
Depp pace [| 


mag 
Cs 
EES 


Table 3.3. Data Transfer Routing Requirements Note: 


1. Inthe Initiator column, PM and 1 M are abbreviations for Permanent Master and Temporary Master, respectivel 
2. {Nand L indicate the high or low byte wansfer respectively, III, indicates that both high and low by ies of sah ei 
transferred simultaneously. An H or L on the left side of an arrow corresponds to the initiator, white aa m = 
ek a ork 


on the right side of an arrow corresponds 10 the target. The arrow indicates direction of transter 
ane Data Transfer Operations 
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3. A target responding as an 8 bit device must not drive the high byte (SD15 . .SD8) of the bus to avoid interference 
with the crossover logic. 


While the above data routing ensures that data appears correctly justified when it is transferred, a great deal of ad- 
ditional logic is needed to allow transparent transfers between devices of different widths since multiple transfers 
must be generated by the current bus master to move data from a wide device to a narrow one, and data from narrow 
devices must be retained and merged from several transfers when it is corning from a narrower device. 


3.6 Refresh 


A REFRESH* provides sequencing for refresh of dynamic memory residing on the P996 bus. Use of the REFRESH* line 
is optional by the bus adapter, however, generation of it by the Permanent Master is required. A Temporary Master 
other than the Permanent Master must initiate refresh cycles by asserting REFRESH* if it retains control of the bus 
for longer than 15 1S. The sequence required to generate refresh cycles is: 


1. If the Permanent Master has control of the bus, it first asserts BALE at the start of a refresh operation. If an 
Alternate Master or Temporary Master has control of the bus, the Permanent Master will already be asserting 
BALE 

2. An Alternate Master must tri-state ins address and control drivers before asserting REFRESH*. 

3. The Current Master asserts REFRESH* to begin the refresh operation. The Permanent Master will detect the 
assertion of REFRESH* and sequence a memory refresh operation by asserting SA7. .SAO, SMEMR* and 
MEMR*. The values of SA19. . SA8> and LA23 . . LAI7 are undefined during the refresh operation. They may be 
driven or undriven (tri-stated). 

4. The Current Master assert REFRESH* until after the deassertion of MEMR* so that the slave memory boards can 

differentiate between a refresh operation and a memory read operation. 

. The Permanent Master increments the refresh address at the deassertion of REFRESH*. 

6. Ifthe Current Master is also the Permanent Master, it deasserts BALE. 


w 


Refresh must be performed at a rate at least 256 operations every 4mS. 
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Description Receiver 

SAS07. .0> setup to MEMR* 81 70 

SAS07, OF hold from MEMR* 36 25 
[LOCHRDY deasserted from MEMR* 81 159 
MEMR* deasserted fiom TOCURDY 125 125 

REFRESH ® setup to MEMR* 125 14 

REFRESH hold from MEMR* Note 1. 31 250 20 239 | 
SAST1..05, MEMR* tri-state from MEMR* high folk | _| 
TOCHRDY width Telk Telk 

AM ownership delay Note 2 2*Telk 2*Telk | 
AEN asserted to MEMR*® active 1 | ° 

AEN hold to MEMR* inactive 1 0 

REFRESH? asserted to SA<07 . . 0> valid i 0 

REFRESH* hold from SA<07. .0> valid TI 0 

‘Address and Control disabled to REFRESH* asserted 0 0 

Table 3.4, Refresh Cycle Timing: 
Note: 
1. The Temporary Master may exceed the maximum REFRESH* hold time in order to conduct 
another refresh operation. 


2. The Temporary Master, if the Current Master must tri-state the address and command signals prior 


|<—6—>] |<—7—>| 


—>|15]<— 
—>| |<-13 


—_—! | l——————. 


>——<. >>>>2>>. 
| | <-2-> = | <—8—> | 


_> i <-14>| 


SA<7..0> 


MEMR* \—/ 


->|4]<-9->]-5|< 


IOCHRDY 


Figure 3.8. Refresh Timing 
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4. Interrupt Operations 


The interrupt request lines, IRQ3 . .IRQ7, IRQ9. .IRQI2, IRQI4. .IRQIS si al the Permanent Master that an 
adapter requires service. The processor on the Permanent Master acknowledges the interrupt and takes the required 
action with the appropriate interrupt service routine. 


4.1 Non-shared interrupts 


Non-shared interrupts allow only one adapter to use an interrupt request line at the same time. Initially the adapter 
currently using IRQn drives it to a LOW state. The adapter generates an interrupt by either driving it to an HIGH state if 
using a tri-state driver or by releasing the active pulldown if using a open-collector driver allowing it to be pulled toa 
HIGH state by the resistive pull-up. IRQn must remain at a HIGH state until the interrupt is acknowledged. 


After the interrupt is acknowledged, the interrupt service routine must cause the adapter to return IRQ to an LOW 
State. 


When the adapter no longer requires interrupt service, it should remove its active drive (tri-state or open-collector) of 
IRQn so that it may be used by another adapter. 


4.2. Shared Interrupts 


Shared Interrupts allow more than one adapter use a common interrupt request line. A requestor must have an 
interrupt status latch that is set before the an interrupt is initiated. The processor starts an interrupt sequence on the 
rising edge of a negative pulse (125 to 1000 nSecs) of the interrupt request line. The interrupt status latch must be 
reset (and the interrupt level re-enabled) by the interrupt service routine. The interrupt line should be driven with an 
open-collector driver or tri-state equivalent (e.g., LS125 with input connected to +5V, enabled when interrupt is to 
be asserted). 


ee 
interrupt Operations s 
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5. Bus Arbitration 


5.1 Introduction 


This section specifies bus arbitration operations where bus ownership is transferred between the Permanent Master and 
an Alternate Master, 


5.2 Arbitration Timing Specification 


LA<23..17> 
SA<19..0>,SBHE*___PM. 


MEMR* , IOR* 
MENW* , [OW* 


Figure 5.1. Bus Arbitration Timing: 
Note: 


“1. Refer to Figure 3.6 on page 3.9 for operations run by the ‘Temporary Master. 
2. PM and TM are abbreviations for Permancnt Master and ‘!'cmporary- Master. 
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MASTER* delay trom DRQn inactive 


DACKn* inactive from DRQn inactive, Note 3. 
[S_[Aterate Wawertsatesbussimals Cid 
[9 __ [Permanent Master drives bus signals 

DRQn inactive hold from DACKn* 


| Alternate Master inactive from last command unassorted. 
Table 5.1. Bus Arbitration Timing 


Note: 


1. The exact timing is determined by the DMA controller. 

2. Refer to Section 2.5.1, "Data Transfer Operations" for the timing of operations executed by the Alternate Master. 

3. The Alternate Master driving the command lines should adhere to the command to address and data setup times 
specified in Section 2.5.1, "Data Transfer Operations". 


P996 Specification P996 Working Group 
Draft D2.02(13 July 1990) Preliminary Subject to Change 


5.2 Bus Arbitration 


6. Bus Initialization 


6.1 Introduction 
This section defines the timing of the initialization sequence after reset and the initial state of signals on the bus. 


6.2 Initialization Timing 


SLIM. 
|——ts1— 


/ 
er 
Bus Signals \\\\\\\\\\\\\\ 


Ctlr Ready 
Figure 6.1. Initialization Timing 


POWERGOOD to RESETDRV deasserted 
RESETDRYV asserted to bus signals inactive 
RESETDRV asserted to bus adapters ready 
RESETDRYV pulse width 


i an ae 


Table 6.1. Initialization Timing Summary: | POWERGOOD isa signal usually generated by the local power 
supply indicating that the power supply voltage levels are stable. 


83 is the time that bus adapters have to initialize themselves. After this time it should be possible to at 
least query the adapter and have it return "not ready". It does not include time for an attached 
peripheral, e.g., a disk drive, to become "ready". 
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The initial state of signals on the P996 bus after RESETDRV goes inactive is: 


[Signals Level 


MEMW* 


State Comments 
Address Lines 
LA23. .LAI7 pen 
SA19. SAG pen 
bre [inactive 
Data Lines 
SD15. SAO i “Tinactive 
Utilities/ so, 
SYSCLK _[___Jeetive 
OSC active 
RESETDRV 0 inactive 
ies/ Commands 

0 Inactive 
TOR*, IOW*, — inactive 
SMEMW*. MEMR*, 


Utilities/ Transfer Responsé 


10CS16*, MEMCS16* 


inactive 


ENDXFR* 


inactive 


inactive 


Utilities) Interrupts 


inactive 


IRQ3. .IRQ7 
IRQ9..IRQI2 
IRQ14. IRQIS 


asserted 


Pulled up by the Permanent Master. Interrupts should be masked 
in the interrupt controller (8259 or equivalent). 


Bus Arbitration / DMA 


DRQO. .DRQ3, 0 
DRQS. .DRQ7 


DACKO*. .DACK3*. 1 
DACKS*. .DACK7* 


Bus Arbitration/ Arbitration Control 


MASTER* 1 


inactive 


Table 6.2. Initial Signal State 


6.2 
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7. Bus Error 


A bus operation error is signalled with IOCHCHK®, This must be asserted for the period specified in Table 7.1 to 
guarantee that it will be sampled. It is cleared by the next memory reference with no error, e€.g., a good DRAM 
access or read from the ROM. 


7.1 Timing 


fie 


[rin fm 
ee 


Table 7.1. Initialization Timing Summary 
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8. Board Specifications 
8.1 Introduction 


This section specifies requirements and restrictions for add-in boards that will be used on the P996 bus. These 
should be met to guarantee compatibility and reliable operation. 
8.2 Electrical Characteristics 


8.2.1 Power/Voltage Requirements 
These specifications are measured at the connector over the full temperature range. 


1+5% 
+5%, -2.5% 


Max Current 
+12V +114V +12.6V 10A 
+4875V  |+525V 4.5A 


+5V 

-5V -525V 5 
-12V -126V / 
0V 0.0V I 


Table 8.1. Power Supply Voltage/Current Specifications 


8.2.2 Bus Receiving and Driving Requirements 


DC receiver input and driver output levels and measurement conditions are tabulated in Table 8.2. The receiver input 
characteristics can be satisfied using LS or ALS TTL or their equivalents. All measurements made from 0-70°C. 


Symbol Parameter 
Vih Input high 
Vil Input low 
Input Tareshold [| 
Ta a 
lvicoev [| 200 Jun] 

Table 8.2. Receiver Input DC Parameters Note: Current flow is defined as positive if it enters a 

device and negative if it leaves the device. 


There are three classes of drivers specified by P996 that are described in Table 8.4 on page 8.3. ‘these are combi- 
nations of tri-state, open collector, and totem-pole lines with or without pullup/termination resistors. 


‘IT, enabled TS driver 
TP, enabled TS driver 
OC driver 


Output high Table 8.4 on page 8.3 
E Table 8.4 on page 8.3 


Table 8.3. Driver Output DC Parameters 
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8.2.3 Stub Length : 

The signal stub length is defined as the length of the longest trace from the connector pin to the drivers or receivers of 
this board. The maximum stub length is 2.5 inches. 

8.2.4 Loading 


Each adapter board shall present no more than the equivalent of two (I.S or A1,S equivalent) receiver input loads and 
a maximum capacitive load of 15pF on each signal line. The capacitive load specification includes driver output 
capacitance. 


Certain lines TC and DACKn* are driven from the Permanent Master to the Bus Adapters with reduced DC current 
capability and are permitted only a single receiver input load on each Bus Adapter. 


8.2.5 Min/Max Rise and Fall Times : 
The minimum output rise and fall times of drivers measured at the adapter board is 3nS. This can be achieved using 
LS or ALS compatible drivers, the use of F or AS compatible drivers is not recommended. 


Driver AC current capability should be carefully chosen to meet these requirements. Use of devices with faster 
switching characteristics will increase the bus settling times and will increase rather than decrease the delay to a 
stable output. 
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SD1S. .SDO 


System Data 


BALE 


Address latch Enable 


Bus High Enable 
Address Enable 
Memory Read Cmd, < 1M 


Memory Write Cmd, < 1M 
Memory Read Cmd 
Memory Write Cmd 


t/O Read Command 
1/O Write Command 


IOCHRDY 


1/O Channel Ready 


MEMCS16* 


16 bit Memory 


16 bit IO 


DMA Request 


DMA Acknowledge 
Tri-state Address and Control 
DMA Terminal Count 


Interrupt Request 


IOCHCK* 


NMI to System Processor 


SYSCLK 


System Clock for reference 


RESETDRV 


Reset all devices 


14.31818 MHz clock 


Memory Refresh 


End current transfer 


Table 8.4. Driver Requirements: Explanation of headings and symbols: 


ULE 


1. 
2. 


3. 


ras 


Only a single load per Bus Adapter is permitted for DACKn* and TC. 

Minimum driver output current, Jol and Joh are specified in mA under the conditions specified in 
Table 8.3 on page 8.1. 

DVR - Driver types are abbreviated as follows: 

Symbol Description 

TS Tri-State, multiple drivers on bus. 

TP Totem-pole 

oc Open Collector, Wire ORed on Bus 

PM - Permanent Master 

DMA - Direct Memory Access 


. TM - Temporary Master 


BA - Bus Adapter 


Sym Direction 
D Driver, the device will transmit data 
R Receiver, the device will receive data 
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8.3 Mechanical Characteristics 


Skirts, the area below the board adjacent to the edge connector fingers, are not recommended to prevent interference 
with components on the system board. 


8.3.1 Board Outline, 8 bit Form Factor Printed Circuit Boards 


Clearance Zone (system board components) 


Figure 8.1. 8 bit Form Factor Board Outfine Drawings: Notes: 


1, All units in inches. > 

2. Dimensions for connector finger spacing are center-line to center-line. 

3. 0.905 dimension may be smaller depending on brackct mounting method used. 
4, Card edge fingers are centered in the connector tabs. é 


No skirts are permitted on 8 bit form factor boards in the area where the 16 bit (C/D) connector would go on a 16 
bit form factor board. 
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8.3.2 Board Outline, 16 bit Form Factor Printed Circult Boards 


12.425 


Clearance Zone 
| Ceard guide) 


[1.700] 
<1.890> 
> 


Figure 8.2. 16 bit Form Factor Board Outline Drawings: Notes: 


1. All units in inches. 

2. Dimensions for connector finger spacing are centcr-line to center-line. 

3. 0.905 dimension may be smaller depending on bracket mounting method used. 
4. Card edge fingers are centcred in the connector tabs. : 


8.3.3 Bracket Dimensions and Alignment 


Vertical/Horizontal Alignment seat Lateral Alignment 
-}< 


Components—> 


PCB 
<-0.615—> 


IHNITIIL 


eee 


>] 


Figure 8.3. Bracket Dimensions and Alignment: Notes: 


. All dimensions in inches. 

. Vertical alignment dimension is from the bottom of the bracket. 

. Horizontal alignment dimension is to the right side of the bracket, 
. Lateral alignment dimension is to the center of the mounting hole, 
. The bracket material should be nickcl-plated cold-rolled stcel. 
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9. Backplane Specifications 
9.7 Introduction 


al electrical characteristics of the backplane must be specified to guarantee reliable and consistent operation of the 
6 bus. 


9.2 Power Distribution 


The power distribution system on the P996 bus must guarantee that the supply voltages remain within certain AC and 
DC specifications in Table 8.1 on page 8.1. The DC resistance must be sufficiently low to guarantee the specified 
regulation and AC impedance to keep low frequency (such as power supply generated ripple - 60 Hz, 120Hz or 
20KHz) and high frequency (cross talk and other switching) noise within specifications. 


a 


+5V +4875V  |+525V + 5%, -2.5% 
-5V -5.25V 4.75V + 5%, -5% 
120mV 


Table 9.1. Power Supply Voltage Specifications 


Note: Voltage and current requirement limits for each P996 board are specified in Table 8.1 on page 8.1. The power 
dissipation at the maximum voltage and current limits is 45.5 watts for each Bus Adapter. The sum of the power 
dissipated by the maximum number of boards permitted in a particular system, peripherals and system board 
components could exceed the power supply rating. E.g., if 8 Bus Adapters drawing full current are installed, the total 
power dissipation would be 364 watts, not including peripherals and components on the system board. This will 
exceed the cooling capability of most systems. 


For most systems.it is assumed that the average current and power dissipation will be about half of the maximum 
values. Board designers should specify their maximum current requirements in end user documentation and end users 
or system integrators must be aware of potential thermal or power supply overcurrent problems if too many high 
power cards are installed. 


9.3 Electrical Characteristics 


The following electrical characteristics must be met to guarantee the performance specifications described above. 
These characteristics were chosen to be (relatively) easy to quantify and measure. 


9.3.1 Cross Talk 
Noise induced by cross talk from adjacent signal lines should not exceed the receiver input voltage threshold levels 
specified in Table 8.2 on page 8.1. 


9.3.2 Under/Overshoot 

Reflections from drivers that are not properly matched to the signal line impedance with no termination will result in 
ringing of varying amplitude along the line. This ringing must not exceed the receiver input voltage threshold limits 
specified in Table 8.2 on page 8.1 to prevent incorrect operation. * 


9.3.3. Termination Networks 

Termination networks for all bus signals are recommended but not required, however, termination of at least the 
control signals will increase data integrity and system reliability. "AC termination’ networks can be used to provide 
termination close to the characteristic impedance of the signal lines to reduce reflections without exceeding the DC 
output current capabilities of the drivers, 
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The recommended (but not required) termination network consists of a resistor-capacitor network of 40-60Q and 30- 
70pF, respectively, connected to ground, The termination network should be located near cither end of the line. 


9.4 Physical Characteristics 


9.4.1 Connector Designations 

P996 allows for two connectors, the first accommodates 8 bit wide adapters, the two together accommodate 16 bit wide 
adapters. The first connector is designated PI and is located closest to the "bracket" end of the board and the second, 
P2 is located towards the middle of the board. 


9.4.2 Pin Assignments 

Connector pins are designated by a letter and a number. The letter indicates which side of a particular connector the 
pin/contact is on, "A" and "C" are on the component side of the add-in board while "D" and "D" are on the solder 
side. Pin numbers increase as the pin is farther from the PI end of the printed circuit board. 


Figure 9.1 on page 9.3 (top view) and Figure 9.2 on page 9.4 (bottom view) show the location of the contacts for the 
two connectors specified for P996. 
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Signal Signal 
ov TOCHCHK® 
RESETDRV $p7 
. sv SD6 
IRQ? sDs 
-5 D4 Bracket End 
DRQ2 sos 
-1l2v sv2 
ENDXFR $D1 
*12V spo 
ov TOCHRDY 
SMENWs AEN 
SMEMR* SAlL9 
Tow SAL8 
TOR® SAL? 
Pl DACK3*% SAL6 
DRQS SAl15 
DACK1* SA14 
DRQl SA13 
REFRESH® SA12 
SYSCLK SAlL 
IRQ7 SAlo 
IRQE Sag 
IRQS SAS 
IRQ SA7 
IRQS SAG - 
DACK2" SAS 
Te SAq 
BALE SAS 
+5V SA2 
osc SAL 
ov Sao 
+ Add-in Board Component Side 
HEHCS16" SBHE® 
TOCS16" LA23 
IRQ10 LA22 
TRQ11 LA2L 
IRQ12 LA20 
IRQ15 Lal? 
IRQ1S4 Lals 
DACKO™ LAl7 
DRQO HEMRE 
P2 DACKS# HEMWe 
ORGS sos 
DACK6™ so? 
DRQ6 solo 
DACK7™ soll 
ORQ7 sp1z 
+5V S013 
HASTER# spl4 
ov S015 
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Figure 9.1. P996 Connector Pin Assignments (System Board, Top View): The bottom of the figure is the 
front (bezel side) of the system 
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Preliminary - Subject to Change ——— 


Signel 


ov 
RESETORV 
+sv 
IRQ? 

-s Bracket End + 
DRrq2z 
-12V 
ENDXFR® 
*12V 

ov 
SHEMWH 
SNEMR® 
rows 
IOR* 
DACK3® 
DRQS 
DACK1* 
orQl 
REFRESH® 
SYSCLK 
IRQ7 
IRQée 
IRQS 
IRQ4 
IRQS 
DACK2" 
Te 

BALE 
+5V 

osc 

ov 


+ Add-in Board Solder Side 


HEHCS16" 
rocsl6" 
IrRQlo 
IRQ 
IRQL2 
TRQqLS 
IRQq14 
DACKO# 
pRQo 
DACKS* 
DRQS 
DACK6" 
DRQ6 
DACK7*™ 
DRQ7 
+5V 
HASTER® 
ov 


Figure 9.2 P995 Connector Pin Assignments (System Board, Bottom View): The bottom of the figure is the 
front (bezel side) of the system 
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Appendix A. High Reliability PC Bus Standard 


A.1 Introduction 


This appendix supplies the electrical and mechanical specifications for a high reliability version of the P996 im- 
plemented on a 96 pin DIN connector, herein referred to as the PC/96 bus. Higher reliability has been achieved by: 


* utilizing a 96 pin DIN connector 

* improving the signal to ground pins ratio 

* timing clarification to take into account backplane transmission line effects 
* specifying the backplane fabrication. 


PC/96 also has other desirable features such as: 


+ a larger form factor for Bus Adapters 
* an optional interconnect address space for each Bus Adapter 
* the ability to address each slot with a specific I/O address 


The Permanent Master functions as a Bus Adapter inserted into slot " 


A.1.1 Objectives 

The PC/96 bus provides the means to create PC/AT software compatible systems with Bus Adapters that use a DIN 
connector and EUROcard form factor. The DIN connector is a traditional pin and socket arrangement that provides a 
more reliable connection in hostile applications and applications that require repeated insertion cycles. PC/96 is 
functionally equivalent to P996 and allows the direct conversion of a design between the two buses. The EUROcard 
form factor provides more circuit space per slot and reduces the need for a "two slot" solution. The longer edge of the 
EUROcard form factor also allows for a different additional bus to be installed in parallel to PC/96 and allows the 
board to support more I/O connectors. 


Special consideration has been given to the electrical integrity of the bus. The ratio of the signal to ground lines have 
been reduced to 14 to I in addition to the superior contact attributes of the DIN connector. The placement of the 
signal lines on the connector and their respective paths on the backplane were optimized to minimize the effects of 
cross talk and to more equally distribute power and ground. The backplane fabrication, 8 slot limit, and termination 
specifications minimize transmission line effects. 


PC/96 also optionally supports Adaptor Slot Addresses (ASA). ASA allows each slot to have unique I/O addresses. 
These unique I/O addresses allow boards with duplicate registers to reside in the same backplane and unique 
interconnect registers to exist for each slot. The interconnect space option allows Bus Adapters to be configured by 
software or their attributes read by the software. 
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A.1,.2. Terminology 
The definitions are the same as for P996 except for the following additions: 


Adaptor Slot Address (ASA): A unique set of 1/0 addresses based on the slot number of a Bus Adapter. It is assigned 
by the Permanent Master immediately after RI DRV is deasserted, The ASA provides addressing for the optional 
interconnect space and adaptor slot specific 1/O addresses. 


Interconnect Space: Each adaptor slot is assigned a unique set of I/O addresses (ASA). Some of these addresses are set 
aside for interconnect space. These registers can be read by software to determine the type of adaptor bus board and 
its present attributes. The software can also write to these registers to configure the Bus Adapter. 


A.2 Signal Definitions 


The signal definitions are the same as for P996 but there are some differences to fit all the functions within 96 pins, 
obtain better power and grounds and support adaptor slot address assignment. 


A.2.1 Signal Requirements 

All receivers on the PC/96 bus must adhere to the requirements presented in Table 8.2 on page 8.1, all drivers output 
levels are specified in Table 8.3 on page 8.1 and Table A.I on page A.5. Certain signals require pullup resistors to 
+SV that must be located on the Permanent Master or on the backplane, as described in Table A.I page A.5. Note that 
there are some differences from P996. 


A2.2 Excluded Signals 
The mapping of the 98 pin edge finger P996 connector to the 96 pin PC/96 bus DIN connector and the addition of 


power and grounds and of LACHrt required the exclusion of SA<19 . . 17>, OSC, SMEMR*. SMEMW* and -SV from the 
bus. 


The signals which were deleted may be easily generated on a Bus Adapter as described below: SA< 
19..17>: can be generated by latching LA<19. .17> with the falling edge of BALE. 


SMEMR*, SMEMW*: SMEMR* or SMEMW* are asserted whenever MEMR* or MEMW*, respectively, are asserted AND 
LA<23 .. 20> =0, ie. the address is below 100000H. LA<23 . . 20> should be latched with the falling edge of BALE. 


They can be generated as shown in Figure A. | on page A.3 by: 


OSC: can be generated using a 14.31818MIlz oscillator with a 50% duty cycle on the Bus Adapter. OSC is not 
synchronous with SYSCLK. 


-5V: can be generated from -12V with a linear regulator 1C, if required, .s 
can be performed using a maximum of 4 devices: 


1. a8 bit latch forSA<19. .17> and SA<23, .20> 
2. @PAL for SMEMR* and SMEMW* 

3. @ crystal oscillator for OSC 

4. a linear regulator for -5V. 


A2.3 Additional Signals 


LACHn (Latch ID): LACHn is a adaptor slot specific address line that is not bused, but radially connected to one of 
SA<1. . 7> at each card slot where n equals the adaptor slot number <1. . 7> and the number of the address line to 
which it is connected. |. ACHn is always connected to OV at adaptor slot 0. For example, LACHt is connected to SAL 


at adaptor slot 1, SA2 at adaptor slot 2, and so up to adaptor slot 7 where SA7 is connected to LACHn. S Sti 
10, "Adaptor Slot Address" for more information. n. See Section A. 


The Permanent Master must reside in slot 0. It can optionally provide a weak pullup resistor (lOKS2 


aid in determining whether it is in slot 0. If the address bus is tri-stated then the pullup will cause LACHA eee 


to equal 
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BALE. 


LAK19. .17>. SAC19. .17> 


LA<23..20>. SA<23. .20>- AND 


LATCH 


one, unless the board is in slot 0 where LACH/7 is always grounded. The Permanent Master must delay | mS after +5V 
becomes valid before driving SA<7. . I>. 


+ 5,GND: Two additional +5¥V (5 total) and two additional GND (6 total) connections are added to increase the DC 
current capacity and reduce the power and ground return impedances. The new current limits are summarized in Table 
A. 2 on page A. 5. 


A.3 Data Transfer Operations 
These timings are the same as P996, refer lo Section 2.5.1, "Data Transfer Operations" of the P996 specification. 
Note: 


1. DMA cycle timings are more restrictive. All memory Bus Adapter or any I/O Bus Adapter which supports DMA 
must also meet the DMA cycle specifications. . 
2. Time for byte swapping must be included for the data reformatting function for 8 bit for I/O reads. 


A.3.1. DMA Transfers 
Transfers performed by the DMA controller occur when REFRESH*=H and AEN=H. The timing reference numbers 
refer to Figure 3.6 on page 3.9. 
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A.4 Interrupts 
See Section 3.6, "Interrupt Operations" of the P996 specification. 


A.5 Bus Arbitration 
See Section 4.2, "Bus Arbitration" of the P996 specification. 


A.5.1 Arbitration Timing Specification 
Bus arbitration is the method by which bus ownership is exchanged between the Permanent Master and an Alternate 
Master. 


Note: 


1. The exact timing is determined by the DMA controller. 

2. PMand AM are abbreviations for Permanent Master and Alternate Master, respectively. 

3. DRQn remains inactive until the corresponding DACKn* goes inactive, to insure that the DMA controller has 
sampled the event. 


A6 Bus Initialization 
See Section 5.2, "Bus Initialization" of the P996 specification. 


A.7 Bus Error 
See Section 6.3, "Bus Error" of the P996 specification. 


A.8 Board Specification 
PC/96 is identical to Section 7.1, "Board Specifications" of the P996 specification with the following exceptions: 
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Tri-state Address and Control 


‘NMI to System Processor 
Memory Refresh 


= 
= 
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= 
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Rnd current transfer 


Table A.1. Driver Requirements: explanation of headings and symbols: 


1 
2: 


AAPY 


Note: 


Minimum driver output current, Io! and loh are specified in mA under the conditions (particularly Vol 
and Voh) given in Fable 8.3 on page 8.1. 

DVR - Driver types are abbreviated as follows: 

Symbol Description 


TS Tri-State, multiple drivers on bus. 
TP Totem-pole 
oc Open Collector, Wire ORcd on Bus 


PM - Permanent Master 

DMA - Direct Memory Access 

TM - Temporary Master 

BA - Bus Adapter 

Sym Direction 

D Driver, the device will transmit data 
R Receiver, the device will receive data 


1. 4K7S2 pullups for MEMR*, MEMW*, IOR*, IOW* and SD<15. .8> establish a DC level for open-collector or tri- 
stated signals and are located on the backplane. All others are located on the Permanent Master. 


A.8.1.1 Power 
-5V must be generated from -12V if required. 


Table A.2 gives the voltage and current requirements for an Bus Adapter having only a PC/96 bus interface. These 
specifications are measured at the connector over the full temperature range. 


+114V + 12.6V +5% 


Note: 


+ 4.875V + 5.25V 5.0A 4-S%. -2.5% 


soa 
fav [av [ron | 


Table A.2. Power Supply Voltage/Current Specifications 


1. Refer to DIN 41612 for power limit per pin. 
2. Additional power available from other connectors attached to the board, 
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Function 


System Data 
1/0 Channel Ready 
16 bit Memory 

[16 bit 10 

| Tri-state Address and Control 
[Interrupt Request 

[NMI to System Processor 


Memory Refresh 
find current transfer 
Table A.I. Driver Requirements: Explanation of headings and symbols: 


1. Minimum driver output current, /o/ and /oh are specified in mA under the conditions (particularly 
Vol and Voh) given in Table 8.3 on page 8.1. 
2. DVR - Driver types are abbreviated as follows: 
Symbol Description 
TS Tri-State, multiple drivers on bus. 
TP Totem-pole 
Oc Open Collector, Wire ORcd on Bus 


3. PM - Permanent Master 

4. DMA - Direct Memory Access 

5. TM - Temporary Master 

6. BA-Bus Adapter 
Sym Direction 
D Driver, the device will transmit data 
R Receiver, the device will receive data 


Note: 
1. 4K7S2 pullups for MEMR*. MEMW*. JOR*, JOW* and SD<15. .8> establish a DC level for open-collector or tri- 
stated signals and are located on the backplane. All others are located on the Permanent Master. 


A8.1.1 Power 

-5V must be generated from -12V if required. 

Table A.2 gives the voltage and current requirements for an Bus Adapter having only a PC/96 bus interface. These 
specifications are measured at the connector over the full temperature range. 


Min Max Comments 

| | | | 

+1L4V +12.6V 5% 

| | | | 

+4.875V +5.25V + 5%, -2.5% 

| | | 
[#5% | 


-126V | 
0.0V [ov 


Table A.2. Power Supply Voltage/Current Specifications 


Note: 


J. Refer to DIN 41612 for power limit per pin 
2. Additional power available from other connectors attached to the board 
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3. The current limits are different from Table 8.1 on page 8.1 due to the different current ratings of the DIN 
connector pins. 

A.8.2 Mechanical Characteristics 

A.8.2.1_ Connector 


The preferred board connector is the four row, 128 pin DIN 41612 connector with female contacts. Stuffing of the D 
tow of user defined pins is optional. Alternatively, the three row, 96 pin DIN 41612 connector with female 
Contacts may be used with the alignment pin described in the previous section. 

A.8.2.2__EUROCard Form Factor 


The EUROCard form factor for a Bus Adapter based on the PC/96 is based on existing ANSI/IEEE standards. The 
form factor is based on the form factor specified in the mechnical portion of ANSI/IEEE Std 1296-1987. This 
specification is an application of ANSV/IEEE Std 1101-1987. 


PC/96 is defined as being the P2 connector. 
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A.9 Backplane Specification 


A.9.1__ Introduction 
This section describes the physical and electrical requirements for the PC/96 backplane. 


The mechanical specifications for PC/96 are limited to requirements for backplane design which insure compatibility 
to the electrical specification when using PC/96 cards based on FUROcard standards. 


The backplane connector is a 128 pin Inverted DIN 41612 class 2, type C, with the male pins are located on the 
backplane. 


The PC/96 bus can support up to 8 cardslots. All cardslots are on 0.8 inch centers. 


Table A.3 on page A.8 lists the physical characteristics of the backplane and Figure A.4 on page A.9 shows PC/96 
backplane layer structure, 


A9.2 Electrical Characteristics 


A.9.2.1 Signal Termination P 
In addition to the pullup requirements stated in Table A.I on page A.5, each signal must be terminated with a series 
resistor-capacitor in order to prevent signal reflections due to transmission line effects which occur even on short 
backplanes due to the length of the signal stubs on each Bus Adapter! During the transition of the signal from one level 
to another level the capacitor represents a low impedance while the resistor matches the trace impedance. During 
steady state operation the capacitor is an infinite impedance which prevents the resistor from violating the DC load 
specifications of the driver. 


The resistor-capacitor value is 40-60Q and 30-70pF, respectively. The termination should be located near either end 
of the backplane and the design is shown in Figure A.2. 


==s=3 Capacitor 
— Ground 


Figure A.2. Line Termination 


A9.3 Pin Assignments : 
The pin assignments for PC/96 are shown in Figure A.3 on page A.8. The pins functions are defined the same as in 
P996. The connection of LACHn is described in Section A.2, "Signal Definitions". 


lity PC Bus Standard A? 


P996 Specification P996 Working Group 
Draft D2.02(13 July 1990) Preliminary Subject to Change 


SDI5 


MEMCS16* 
ENDXFR* 
REFRESH* 
SYSCLK 


Figure A. 3.PC/96 Connector _ Pinout 


Trace width 
Number of Planes 


Copper Thickness 


Table A.3. PC/96 Backplane Characteristics 


A8 
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Bessseessscasseae Layer 1 (Row A signals) 
AAA 
0.017 inch min. \\\\\\\V\AN\AAAAN 
| Sumaeessescesess Layer 2 (Ground) 
GUTTA 
0.032 inch ming /////////////1/// 
TUITATTATATAAT 
Sueanessssssa=se= Layer 3 (Row B signals) 
AVA 
0.031 inch min. \\\\\\\\\\\\AANAN 
AAA 
wesescesesssesse=s Layer 4 (+5V) 
0.004-0.007 inch /////////////1/// 
. min. max. Sesessssassssss2= Layer 5 (Ground) 
LUT ATT 
0.017 inch min, ////////////////1 
===: sau=smese= Layer 6 (Row C signals) 


Figure A.4. Backplane Layer Structure 


Note: 


1. Dimensions given are thicknesses of B-stage material. 
2. All conducting layers are 2 oz./square foot Copper. 
3. The DIN C connectors are inserted into the layer | side of the board. 


Figure A.5 shows the recommended slot numbering for cardslots for an 8 cardslot backplane. The leftmost, or bottom 
cardslot depending on the system orientation, is slot 0, with the remaining cardslot numbers incrementing by one, moving 
to the right, or top. Cardslot 0 is reserved for the Permanent Master. 


012345 67 


+ Component Side : 


Figure A.5. Cardslot Numbering Sequence 


AS Board to Board Connection , 4 
The board to board connection can be done via backplane or by a stacking connector without the use of a back- 


plane. 


‘The connector used on PC/96 backplanes is the four row, 128 Pin DIN 41612 connector with male pins (inverted 
style), When used with boards having three row, 96 pin connectors, the fourth row should be blocked of T using an 
alignment pin as shown in Figure A.6 on page All. 


The fourth row, D, are entirely user defined pins (UDP), When the boards are implemented in a stacking ar- 
rangement row D is not used, only three row DIN connectors are detined. When the boards use a backplane that 
i 
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Supported. See Section A.9.5, "Board to Board Connection" for more information, 


The purpose of the 128 pin connector is to facilitate connection of I/O signals to peripherals such as disk drives 
which are often located behind the backplane relative to the board in system enclosures. 


Male connectors for the backplane were chosen over female connectors to allow the use of cither 96 or 128 pin 
connectors on the board. 


The method of connection is shown in Figure A. 7 on page A. 12. Rows A, B and C carry the PC/96 signals and are 
bused the length of the backplane. Row D signal connections on the backplane are not bused and are simply a row of 
32 holes. The D row of the backplane connector contains long pins which protrude through the backplane. Ground 
connections to the backplane are provided through a fifth row of holes (grounded in the backplane) into which pins are 
inserted such that signal-ground combinations of pins can be picked up from the back of the backplane. For example, 
a 64 pin shroud can be installed which allows connection of a 64 pin cable. All pins are on 0. I inch centers. 


The stacking implementation uses the same 3 rows of holes for the AT bus as docs the P2 backplane approach; the 
fourth row is user defined. The boards use 96 pin DIN connectors with straight pins that conform to ICC standard 
603-2- IEC-CO96-F. The female portion of the connector is attached to the component side of the boards. As listed 
in Table A.1 on page A.5 there are several signals that must have pullups on the backplane. 


By stacking implementation the equivalent pullup resistance must be mounted on the Permanent Master. The 
stack must be only one or two Bus Adapters in addition to the Permanent Master because there is no backplane to 


support bus termination capacitors and resistors. If a stack of more boards is required, then the last board in the stack 
must have the bus termination. 


———— 
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Figure A.6. Connector Alignment Pin 
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Figure A.7 Backplane and Stacking Connector Methodology 
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Figure A.8. Backplane/Connector Dimensions 
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